OBJECTIVE: Obesity is associated with increased morbidity and mortality. Several observational epidemiological studies have indicated that weight gain and weight loss, even in the obese, is also related to an increased mortality. The Swedish Obese Subjects (SOS) study was initiated in 1987 as an attempt to elucidate this paradox. Design: Two thousand matched patient pairs will be followed for 10 y each. One pair member is surgically treated, while the other receives conventional obesity treatment. By February 2000, 1879 patient pairs have been recruited. RESULTS: The two-y weight reduction was 28 AE 15 kg among the operated patients and 0.5 AE 8.9 kg among the obese controls. After eight years the weight loss was 20 AE 16 kg in the surgical group, while the controls had gained 0.7 AE 12 kg. Weight reductions achieved in the surgical group reduced the two-y incidence of diabetes 32 times as compared to the controls. After eight years there was still a 5-fold reduction in diabetes incidence. The two-y incidence of hypertension was similarly reduced 2.6 times in the surgical group. After eight years the incidence of hypertension was almost equal in the two study groups. CONCLUSION: Compared to weight stability, large intentional weight loss results in substantial reductions in the two-y incidence of several cardiovascular risk factors. After eight years there is still a reduced risk of developing diabetes in the surgical group, while the incidence of hypertension is equal in the two treatment groups. Whether intentional weight loss will reduce mortality is still too early to tell.
The rationale behind the SOS study Obesity is associated with elevated cardiovascular risk factors, increased morbidity and mortality.
1,2 Short-term weight loss improves all risk factors. 3 However, several observational epidemiological studies have found an association between weight loss and increased, rather than decreased, mortality, even in subjects that were obese at baseline. 4 This paradox might be related to an inability to distinguish between intentional and unintentional weight loss. 5 Furthermore, some long-term trials have shown a rebound in risk factors in spite of maintained weight reduction, pointing at the need for adequate observation times. 6 Inadequate nutrient intake might make weight reduction hazardous 7 and it could also be that loss of body fat decreases, while loss of lean body mass increases mortality. 8 The SOS study was initiated in 1987 as an attempt to elucidate this apparently enigmatic situation. Long-term observation of a large cohort of well characterised obese subjects that either lose a substantial amount of weight or remain weight stable would have the ability to sort out several of these problems.
Design of the SOS study SOS consists of a cross-sectional registry study and a longitudinal intervention study. 9 Obese subjects are eligible for the SOS intervention if 37 to 60-y-old with a body mass index (BMI) ! 34.0 kg=m 2 (men) or ! 38.0 kg=m 2 (women). In essence the registry study is an extensive health examination performed at 480 primary health care centres. Obese subjects are characterised in great detail with respect to genetics, metabolic aberrations, adipose tissue distribution, food habits, psychological and socio-economic variables. It also serves as a recruitment base for the intervention study.
The main aim of the intervention is to examine whether total mortality is reduced when obese subjects voluntarily lose weight. Secondary aims include effects of weight loss on specific morbidity and mortality as well as on quality of life. The intervention has two treatment arms: bariatric surgery and conventional treatment but is not randomised since the Swedish ethical committees found the internationally reported peri-operative mortality too high when SOS was started. Instead patients can volunteer to either treatment group. The SOS protocol allows gastric banding, vertical banded gastroplasty (VBG) and gastric bypass as surgical interventions. Treatment offered to patients in the control arm is not standardised, but should include the best nonsurgical options available at any time. The subjects are matched (group-wise) on 18 variables and eventually 2000 patient pairs will be formed and followed for 10 y each. By the end of February 2000, 1879 patients were enrolled in each arm. It was recently decided to finalise inclusion by the end of year 2000 and also that the patients will be reexamined after 15 and 20 y.
Results from the SOS study
After two years, weight loss was 28 AE 15 kg, (23 AE 11%; mean AE s.d.) among the surgical patients (n ¼ 767) and 0.5 AE 8.9 kg among the obese controls (n ¼ 712). The percentage weight reduction after gastric bypass, VBG and gastric banding were 33 AE 10%, 23 AE 10% and 21 AE 12%, respectively. 10 Weight loss after eight years was 20 AE 16 kg (16.5%) in the surgical group (n ¼ 251), while the controls had gained 0.7 AE 12 kg (n ¼ 232).
11
Four postoperative deaths, corresponding to 0.2% of the operated patients, have so far occurred in SOS. Three of these were due to leakage that was detected too late, while the fourth case was due to a technical laparoscopic mistake. Periand postoperative complications have been reported in a subset of 1164 patients. 12 Among these, 151 patients (13%) experienced 193 complications. During the primary stay in hospital the following complications occurred: bleeding (0.9% of the patients); thrombo-embolic events (0.8%); wound complications (1.8%); abdominal infection (2.1%); pulmonary symptoms (6.2%); and miscellaneous (4.8%). In 26 patients (2.2%) the postoperative complications were severe enough to necessitate re-operation.
The weight loss achieved after two years in the surgical group resulted in dramatic reductions in the incidence of diabetes, hypertension, hypertriglyceridemia and low HDL cholesterol. Compared to the weight stable controls there was a 32-fold reduction in the incidence of diabetes, while the other risk factors and disorders were reduced 2.6-to 10-fold. The two treatment groups were also pooled and the diabetes incidence analysed by decentiles of weight loss. This showed that weight changes close to zero were associated with a two-y diabetes incidence of 7 -9%, while a mean weight loss of 7% was associated with an incidence of 3%. There were no new cases of diabetes when the average weight reduction was above 12%. 10 After eight years the incidence of diabetes was still five times lower among the surgical patients than in the control group. However, with respect to hypertension there was no longer any difference in incidence between the two groups.
A cross-sectional analysis showed that the number of days lost due to sick leave was twice as high among SOS patients as in the general Swedish population. Disability pension was also twice as frequent. 13 In the last year before inclusion in the intervention study, the number of days lost for these two reasons combined was almost identical in the two treatment groups. In the first postoperative year, the number of lost days was twice as high in the surgical group, while over years two to four after inclusion, the number of lost days was significantly reduced in the surgical group. 14 Cross-sectional data showed that subjects in the SOS registry study had a health-related quality of life (HRQL) that was much worse than in an age-matched reference population. The HRQL was in fact worse than in patients with rheumatoid arthritis or spinal cord injuries and comparable to patients with generalised malignant melanoma. 15 A two-y follow-up showed that HRQL improved in a dose dependent way following weight loss, irrespective of which measuring instruments that were used. 16 
Conclusions
Compared to weight stability, large intentional weight loss results in substantial reductions in the two-y incidence of several cardiovascular risk factors. After eight years there is still a reduced risk of developing diabetes in the surgical group, while the incidence of hypertension is equal in the two treatment groups. Whether intentional weight loss will finally reduce mortality is still too early to tell.
